OBJECTIVE: To investigate blood pressure (BP) and heart rate (HR) responses to an isometric exercise test in obese non diabetic patients and to correlate the results with vagal function and plasma insulin concentration. SUBJECTS: 63 obese patients, 36 of whom had abnormal cardiac parasympathetic control (PS ), and 35 healthy control subjects. METHODS: Analysis of HR variations during three standardized tests: deep-breathing, lying-to-standing and Valsalva. Isometric contraction (handgrip) for 5 min. RESULTS: In the PS obese patients, resting HR and body mass index (BMI) were signi®cantly higher than in the PS 7 subjects and there was a trend to higher plasma insulin concentrations. Age-matched comparison showed that during the handgrip test, the increase in HR at the ®rst minute was signi®cantly higher in the PS 7 obese patients than in the controls. The increase in BP was signi®cantly lower in the PS obese patients than in age-and-BMImatched PS 7 obese patients. CONCLUSION: These data suggest that 1) there is an increase in cardiac vagal tone in PS 7 obese patients, since the early increase in HR at 1 min of the handgrip test, results from the withdrawal of vagal tone; 2) BP response to an isometric contraction is impaired in PS obese patients due to a lower sympathetic activation; 3) high plasma insulin concentrations may also contribute to limiting the BP response; and 4) autonomic disorders may account for alterations in the haemodynamic changes during exercise.
Introduction
Obesity is associated with alterations in vagosympathetic activity, evidence of which has been found in different animal models of obesity. In these models, a reduction in sympathetic activity has been noted. 1 Experimentally-induced lesions of the ventromedial hypothalamus have also been found to induce a reduction in sympathetic activity and an increase in parasympathetic activity. 2 Previous studies in nondiabetic obese adults have shown a reduction in spontaneous heart rate (HR) variability, 3 ± 6 which suggests an impairment of parasympathetic control. Sympathetic nervous system function is more dif®cult to investigate. Spectral analysis of HR and blood pressure (BP) has been proposed. 7, 8 Analysis of the variability in cutaneous blood¯ow at rest and the vasoconstrictive responses to maneuvers, involving sympathetic activation, has also been proposed. 9 In obese patients, we previously found a reduction in vasoconstrictive response to sympathetic activation, 10 which suggests an alteration in sympathetic cardiovascular activity in obesity.
The normal cardiovascular re¯ex response, to sustained handgrip, is characterized by an increase in HR and BP. 11 The increase in HR occurs in two phases, with an initial rapid increase due to the withdrawal of cardiac parasympathetic activity, followed by a slower increase, which is probably mediated by cardiac sympathetic stimulation. 12, 13 In diabetic patients with clinically overt autonomic neuropathy, the increase in HR during the ®rst minute was found to be impaired, whereas the increase during the second and third minutes was unchanged. 14 Cardiovascular responses to exercise appeared also to be impaired in diabetic patients with subclinical autonomic neuropathy. 15 ± 18 This point has not yet been studied in nondiabetic obese patients.
In obese patients, total peripheral vascular resistance is decreased. 19 Insulin may be involved in these changes. Indeed hyperinsulinaemic euglycaemic clamp studies have shown that insulin may increase HR and BP, but may also induce a peripheral vasodilator effect. 20 ± 24 Therefore hyperinsulinaemia might also alter the haemodynamic response to exercise in obese patients.
The aim of the present study was to investigate BP and HR responses to an isometric exercise test in nondiabetic obese subjects compared with a control group, and to correlate the results with the vagal function evaluated by standardized tests proposed by Ewing et al 25 and with plasma insulin concentrations.
Subjects and methods

Subjects
The subjects were 63 obese patients (body mass index (BMI) b 27 kgam 2 ); nine men and 54 women with a mean age of 38.2AE 1.5 y (range: 16 ± 60 y) were included. The oral glucose tolerance test (OGTT) showed glucose intolerance according to the World Health Organisation (WHO) 1985 criteria 26 in 35% of the obese subjects. The handgrip test was also performed by 35 healthy control subjects (eight men and 27 women) with a mean age of 31.2 AE 1.7 y (range: 16 ± 53 y).
All the subjects were normotensive, free of cardiac or pulmonary disease, anaemia and overt peripheral vascular disease, and none of them was taking drugs known to modify BP or HR (for example, vasodilators, calcium-channel blockers, ACE-inhibitors, adrenergic agents, nitrates, betablockers).
Methods
Handgrip test. The test was performed with a dynamometer by a subject in a sitting position for 10 min, as previously described. 14, 18 For each subject, the maximal voluntary contraction was ®rst determined. The subject was then asked to maintain 30% of the maximal handgrip contraction for 5 min, while breathing quietly at the same rate as at rest. HR and BP were measured each minute by a Dinamap (Critikon, Tampa, FL) on the contralateral arm with a cuff adapted to the size of the arm. HR response was expressed as percent increase, by comparing HR at each minute during the handgrip test, with its resting value (HR 0 ). Late HR changes were also evaluated by calculating the mean HR value from the second to the ®fth minute (HR 2?5 ), as compared with HR 0 (HR 2?5 aHR 0 ) and the difference between mean HR from the second to the ®fth minute and HR at the ®rst minute (HR 2?5 -HR 1 ). These parameters account for heart sympathetic activation. Systolic BP and diastolic BP response during the test was evaluated by calculating the difference between systolic BP and diastolic BP at each minute and their respective resting value. Mean BP response was also determined by calculating the difference between mean systolic BP or diastolic BP from the ®rst to the ®fth minute and the respective resting value.
Cardiac autonomic function tests. Three standardized tests analysing changes in HR were carried out as previously described. 25, 27, 28 These tests with good reproducibility 27 were a Valsalva test, carried out with the subject seated, a deep-breathing test performed in a recumbent position, and a lying-tostanding test. The patients ®rst received detailed information on each test. Brie¯y, the Valsalva test, conducted with the patient seated, consisted of forced exhaling and maintaining a pressure of 40 mmHg for 15 s. The result was expressed as the ratio maximal HRaminimal HR. It was performed three times consecutively, and the mean value for the Valsalva ratio was taken. The deep breathing test was performed on a previously trained subject and consisted of taking six deep breaths in 1 min whilst in a lying position. The result was expressed as the mean value for the ratio maximal HRaminimal HR. During the lying-tostanding test HR changes were determined by calculating the ratio maximal HR (about the 15th beat)aminimal HR (about the 30th beat). The results were obtained by computerized analysis (Autocaft, BBC Master, Edinburgh, UK) 29 and provided information mainly on cardiac parasympathetic control. They were compared to the results obtained in a previously published large series of healthy controls, in which age was taken into account. 30 A test was considered to be abnormal when the result was below the 5 centile line determined in the control series, as is shown in the example of the lying-to-standing test ( Figure 1 ). When at least one of these tests was abnormal, the parasympathetic function was considered to be altered (patient PS ) and when the three tests were normal, it was considered to be normal (patients PS 7 ).
These tests, as well as the handgrip test, were performed in the morning, within 24 h of admission to the hospital, with no coffee, tobacco or alcohol consumption in the 4 h before the tests.
Biological
investigations. Biological assays included blood glucose and plasma insulin at fasting Figure 1 Heart rate (HR) changes during the lying-to-standing test in the obese patients (.). Results are expressed as the ratio maximal HR (about the 15th beat)aminimal HR (about the 30th beat). The^^line corresponds to the exponential regression between HR changes and age and the^^line is the 5 centile line in healthy controls. 30 Handgrip test in obese patients P Valensi et al and 120 min after 75 g glucose taken orally in the obese subjects. Plasma insulin was measured by radio immunoassay (RIA, Behring kit, Mahrburg, Germany). Hemoglobin A 1c (HbA 1 c) and serum fructosamine were also determined by microcolumn chromatography (normal value`6.25%) and a colorimetric method with nitrotetrazolium blue (Roche Diagnostic System, Neuilly sur Seine, France) (normal value`285 mmolaI), respectively. Lipid measurements included plasma total cholesterol, high density lipoprotein (HDL) cholesterol and triglycerides.
Statistical analyses. Results are expressed as means AE s.e.m. Comparisons were made by using one way analysis of variance. Fasting and postprandial insulin concentrations were analysed after logarithmic transformation, to improve skewness and kurtosis, but untransformed units are presented. The associations between continuous variables were studied using the Pearson correlations. In order to study the haemodynamic response to the handgrip test, an analysis of variance for repeated measurements was performed, taking into account the variations in connection with the repeated measurements over time (that is, the within subjects model), the differences between groups and the interaction between these two factors. The dependent variables were reasonably close to a normal distribution. The approach was univariate. In checking assumptions, Mauchly's test and Box's M test were used. When the difference between subjects (average F test) was signi®cant at one time period of the handgrip test, the Bonferroni test was used to identify which groups differed from each other. A one way analysis of variance was also performed to compare the mean value for the overall BP response and for the HR response from the second to the ®fth minute between the three groups. A Kruskal Wallis test was used to compare the late HR changes between the three groups, because of the non gaussian distribution of HR 2?5 aHR 0 and HR 2?5 -HR 1 .
Statistical analyses were made using the SPSS general linear model procedure (SPSS, Chicago, IL).
Results
Control group
In response to a 30% maximum sustained handgrip, HR increased regularly from the ®rst to the ®fth minute and the percent change in HR was maximal at 5 min (12.0 AE 2.0%). Systolic BP and diastolic BP also increased from the ®rst to the ®fth minute with a maximum increase at the ®fth minute (15.8AE 3.0 mmHg and 11.9 AE 1.6 mmHg, respectively). Haemodynamic response did not differ signi®cantly in men and women.
Obese patients
Clinical and biological parameters according to cardiac parasympathetic function. Among the 63 obese patients, the three cardiac autonomic function tests were normal in 27 patients who were considered to be PS 7 . Among the other 36 patients (PS ), at least one test was abnormal: the Valsalva test, the deepbreathing and the lying-to-standing test (Figure 1 ) was abnormal in 12, 8 and 29 patients, respectively. Mean age was very similar in both PS 7 and PS patients. The PS patients had signi®cantly higher BMI and resting HR than the PS 7 patients. Waist-to-hip ratio (WHR), BP and glycaemic parameters were very similar in the two groups. Plasma insulin concentrations 120 min after glucose, were slightly higher (not statistically signi®cant (NS)) in the PS than the PS 7 patients ( Table 1 ). The insulinaglucose ratio at fasting and 120 min after glucose was very similar in the two groups.
Haemodynamic response to the handgrip test. The handgrip was released before the ®fth minute by seven PS 7 and nine PS patients. There was no signi®-cant difference for HR and BP responses to the handgrip test between the PS 7 and PS patients ( Figure 2 ). There was no signi®cant correlation between the mean percent acceleration in HR from the second to the ®fth minute compared with resting HR and the mean value for the overall systolic BP and diastolic BP responses on the one hand, and age, BMI, WHR or plasma insulin levels on the other hand.
Of the obese patients, 30 were compared (15 PS and 15 age-and BMI-paired PS 7 ) with the control subjects. Mean age was very similar in both groups of obese subjects and in the control group. Plasma insulin concentrations were also very similar in Table 1 Clinical and biological parameters in the obese patients with (PS ) and without (PS 7 ) abnormal cardiac parasympathetic tests Handgrip test in obese patients P Valensi et al PS and PS 7 obese patients. In the PS obese patients, resting HR tended to be higher (NS) than in the two other groups and resting systolic BP and diastolic BP were increased in both PS 7 and PS patients when compared to the controls, the difference only being signi®cant for systolic BP (Table 2) . During the handgrip test, the percent increase in HR was signi®cantly higher in the PS 7 obese patients than in the controls at the ®rst minute of handgrip (P 0.008). There was no signi®cant difference for the late HR increase after the ®rst minute between the three groups. In the PS group, there was a signi®-cantly lower increase in systolic BP and diastolic BP at the second minute, compared with the controls. The mean diastolic BP response was signi®cantly different in the three groups (P 0.042) and lower in the PS than in the control group (P 0.040) (Figure 3 ).
PS
Discussion
The present study con®rms the high prevalence of alterations in HR variability suggesting cardiac parasympathetic dysfunction in nondiabetic obese patients. In addition, this disorder appears to be associated with a more severe obesity. The higher resting HR values in PS than in PS 7 obese patients (Table 1) , and the similar trend in the ageand BMI-matched comparisons (Table 2) , are likely to result from a decrease in parasympathetic tone and a relative sympathetic override. However, a stimulatory effect of insulin on HR, mediated by sympathetic activation, may not be excluded since there was a trend to higher concentrations of plasma insulin after glucose in the PS group. We recently found a signi®cant association between parasympathetic dysfunction and higher plasma insulin concentrations in patients with non insulin dependent diabetes mellitus (NIDDM). 18 The role of sympathetic activation in the cardiac effect of insulin has been shown with insulin i.v. infusion and hyperinsulinaemic euglycaemic clamping, 20, 31, 32 and is supported by plasma noradrenaline measurements, microneurographic recordings 32 ± 34 and total body noradrenaline spillover measurements. 35 In obese subjects, hyperinsulinaemia is associated with enhanced muscle sympathetic nerve activity. 33 However, recent prolonged experiments on rats and dogs have failed to demonstrate any chronic effect of insulin on HR. 36, 37 Finally, in the Table 2 comparison between age-and BMI-matched PS and PS 7 patients, resting HR was signi®cantly higher in the PS patients, whereas plasma insulin concentrations were similar in both groups. BMI body mass index; HR heart rate; BP blood pressure. *P`0.001, **P 0.030 and ***P 0.015 vs controls.
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The handgrip test was used here in order to investigate the haemodynamic response and the possible in¯uence of autonomic dysfunction and plasma insulin concentrations. It was sustained until the ®fth minute by two-thirds of the patients. During the handgrip test, the acceleration in HR at the ®rst minute, which is clearly related to parasympathetic withdrawal, 14 was signi®cantly higher in the PS 7 patients as compared to age-matched controls ( Figure  2 ). This suggests an increase in cardiac vagal tone which may contribute to the decrease in resting HR in these patients. If this result re¯ects an overall vagal hyperactivity, this disorder might contribute to the hyperinsulinism and may be compared to the vagal hyperactivity demonstrated in rats with ventromedial hypothalamic lesions. 2 The late HR changes, which result from sympathetic activation, were not signi®-cantly different in the PS and PS 7 obese patients and the controls.
The resting BP, in the comparison between age-and BMI-matched subjects (Table 2) , was higher in the obese patients than in the controls. The lack of any signi®cant difference in resting BP between the PS and the PS 7 obese patients was unexpected because of the relative sympathetic overactivity and the slightly higher plasma insulin concentrations after glucose in the entire series of PS patients. Indeed several studies provide evidence of an acute effect of insulin on BP, particularly by increasing tubular sodium reabsorption 21 and sympathetic activity. 20, 33 However, long-term hyperinsulinaemic euglycaemic clamping has failed to con®rm the effect of insulin on BP. 36, 37 The BP response during the handgrip test was reduced in the PS group. Cardiac dysfunction might be involved in this disorder, since fat accumulation has been shown to be negatively related to systolic function. 38 However the lower BP response in the PS group is more likely to be due either to a lower sympathetic activation or to a lower increase in peripheral vascular resistances in response to a normal or subnormal sympathetic stimulation, and is in agreement with the reduced vasoconstrictor response to manoeuvers activating the sympathetic nervous system we have previously described in non-diabetic obese patients. 39 Insulin may also have limited the vascular response to the handgrip test, by exerting a more marked vasodilator effect 23, 24 in these patients. We have recently shown that the BP response to the handgrip test was increased in PS 7 NIDDM patients, whereas it was normal in those patients with cardiac parasympathetic dysfunction. Plasma insulin concentrations were signi®cantly higher in the latter group, which suggests that the BP response to the handgrip test was limited due to the vasodilator effect of insulin. 18 In the PS obese patients in the present study, the BP response was actually reduced, which could have been the result of a vasodilator effect of insulin. Thus, in insulin resistant subjects parasympathetic dysfunction appears to be protective against an excessive BP response to isometric exercise, probably through a combination of a decrease in sympathetic activity and a predominant vasodilator effect of insulin.
Conclusion
An increase in vagal tone is shown in PS 7 obese patients in the present study and might contribute to Figure 3 Mean pattern of haemodynamic response to the handgrip test in 15 obese patients with (PS :Ð) and 15 ageand BMI-matched obese patients without (PS 7 :À À À) cardiac parasympathetic dysfunction, compared with 35 controls ( F F F ) . A, mean percent increase in heart rate (HR) compared with resting level. B, mean increase in systolic blood pressure (BP) and C, Mean increase in diastolic BP. Comparison with controls: *P`0.05 and **P`0.01, respectively (variance analysis for repeated measurements and Bonferroni test). The mean diastolic BP response was signi®cantly different in the three groups (P 0.042) and it was lower in the PS than in the control group (P 0.040).
Handgrip test in obese patients P Valensi et al their hyperinsulinism. In obese subjects, cardiac parasympathetic dysfunction is associated with a higher BMI and a trend to more severe insulin resistance. In the PS patients, the relative sympathetic overactivity accounts for the increase in resting HR. However the sympathetically-induced BP response to isometric exercise is impaired and insulin-induced vasodilation therefore becomes predominant and may contribute to the lower BP response. Thus, autonomic disorders may account for alterations of the haemodynamic changes during exercise.
Finally, obesity may be involved in the vagosympathetic disorders found in NIDDM patients 18 and should be considered when interpreting an exercise test in these patients. Increased sympathetic drive has been linked to an increase in cardiovascular disease (CVD) 40 and might be relevant to the occurrence of hypertension. The part played by parasympathetic dysfunction in the haemodynamic changes linked to the insulin resistance syndrome, needs further investigation.
